Introduction. HELLP syndrome (hemolysis, elevated liver enzymes, and low platelet count) may have specific risk factors and risk factors varying from first to second pregnancy. The aims of the study were to estimate the risk of HELLP syndrome by potential risk factors in first and second pregnancy, respectively. Material and methods. A population-based cohort study including all women in Norway having their first baby (≥22 gestational weeks) during 1999 to 2014, registered in the Medical Birth Registry (n = 418 897). A subset of women with at least two births (n = 249 070) was used for estimates in second pregnancy. Relative risks with 95% CIs for HELLP syndrome were estimated using logistic regression and adjusted for maternal age and year of childbirth. Results. Body mass index ≥30 kg/m 2 and diabetes were associated with HELLP syndrome in first, but not in second pregnancy. Chronic hypertension and multiple pregnancy were associated with HELLP syndrome both in first and second pregnancy. In second pregnancy the strongest risk factors were a history of HELLP syndrome or preterm preeclampsia in the first. The risk was inversely correlated with gestational age at first delivery. The overall relative risk for recurrence of HELLP syndrome was 54.4 (95% CI 34.3-86.2) and 129.5 (95% CI 45.7-367.2) after HELLP syndrome before 29 weeks of gestation in first pregnancy. Conclusions. Important risk factors for HELLP syndrome differ from first to second pregnancy. HELLP syndrome in second pregnancy is rare, but the relative risk is very high in women with HELLP syndrome or preterm preeclampsia in their first pregnancy.
Introduction
Preeclampsia, gestational hypertension, eclampsia and HELLP syndrome (hemolysis, elevated liver enzymes, and low platelet count) constitute a group of related conditions called hypertensive complications of pregnancy. HELLP syndrome is defined by distinct laboratory changes (1) . The most prevalent current opinion is that HELLP syndrome is a form of severe preeclampsia albeit the basic definition of preeclampsia includes occurrence
Key message
Risk factors for HELLP syndrome in the first pregnancy are similar to those described for preeclampsia. HELLP syndrome or preeclampsia in the first pregnancy are the most significant risk factors in the second, especially after preterm appearance of these complications.
of new hypertension with significant proteinuria, presenting after 20 weeks.
Studies have found that a hypertensive complication in a previous pregnancy is a risk factor for recurrence in a later pregnancy, either the same manifestation or another entity (2) . Also, gestational age at which the complication occurs affects the risk in a later pregnancy; an earlier gestational age implies a greater risk (2) . Hypertensive complications of pregnancy have also been linked to other adverse outcomes such as intrauterine growth restriction and placental abruption (3) .
HELLP syndrome is a relatively rare outcome of pregnancy and therefore difficult to study. Most studies represent follow up of hospital-based cohorts of HELLP syndrome (4) (5) (6) . Population-based data on HELLP syndrome are scarce (7) .
Although HELLP syndrome is a form of preeclampsia most women with preeclampsia do not develop HELLP syndrome. The specific aims of this study were to estimate the risk of HELLP syndrome by potential risk factors in first and second pregnancy. In the second pregnancy we assessed the effect of hypertensive complications and other adverse outcomes of first pregnancy on the risk of HELLP syndrome in the second pregnancy.
Material and methods
A population-based cohort study using data from the Medical Birth Registry of Norway (MBRN) was designed. The MBRN was founded in 1967 and is based on mandatory notification of all births, stillbirths and pregnancies exceeding 12 weeks of gestation. The registry contains information on maternal health and lifestyle factors, pregnancy complications, gestational age at delivery, maternal and fetal outcome. Data are prospectively recorded throughout pregnancy, delivery and the postpartum period. All data are forwarded to the MBRN by the attending midwife or obstetrician. Clinical definitions follow the recommendations by the Norwegian Society of Obstetricians and Gynecologists. Data are regularly quality checked and the records of the registry are linked to the Central Person Registry to ensure notification of all newborns and to collect dates of deaths. The personal identification number given to all Norwegian citizens was used to link each mother to all her births during the study period (sibship data). The HELLP syndrome diagnosis was added to the MBRN by the end of 1998. It is registered in a check box. Every reported case of HELLP syndrome has been quality checked against the medical record by clinicians and personnel at the MBRN before data are forwarded to researchers.
We included women with their first childbirth, at gestational age ≥22 weeks, during 1999 to 2014. In the assessments of risk factors for HELLP syndrome in the second pregnancy a subsample of women with at least two births during the study period and gestational age at delivery of ≥22 weeks in both pregnancies were used. Gestational age was reported as completed weeks based on ultrasonographic determination or, if such was missing, last menstrual period. Births occurring before 37 weeks of gestation were considered preterm. In some analyses, we used a subdivision of the preterm period (≤28 weeks, 29-33 weeks, 34-36 weeks). Maternal age at childbirth was registered as a categorical variable (≤19 years, 20-24 years, 25-29 years, 30-34 years, 35-39 years, ≥40 years). Registration of smoking habits depends on maternal consent. Women who reported smoking occasionally or on a daily basis by the end of pregnancy were regarded as smokers. Body mass index (BMI; weight (kg)/height (m)
2 ) before pregnancy was added to the MBRN in 2007. The reporting increased from approximately 40% of cases in 2007 to 73% in 2014. "Small-for-gestational-age" was defined as a z-score by birthweight of <À1.96 (8) .
In some women with HELLP syndrome other hypertensive complications of pregnancy were also registered, typically preeclampsia and HELLP syndrome. All women with a diagnosis of HELLP syndrome were categorized in this study as HELLP syndrome and consequently not included in other entities of hypertensive complications of pregnancy.
The inter-pregnancy interval was defined as the time span between the first and second delivery (calculated from information on date of birth).
Statistical analyses
We performed frequency analyses and cross tabulation to determine absolute frequencies and risks. Multivariate binary logistic regression was used to estimate relative risks (RRs) with 95% CIs. As confounders in multivariate analyses we considered maternal age (we used different categorizations in first and second pregnancy) and year of childbirth. In analysis of assisted reproductive technologies we adjusted for occurrence of multiple pregnancy. In the analysis of "small-for-gestational-age" and stillbirth in first pregnancy as risk factors for HELLP in second pregnancy we adjusted for occurrence of all manifestations of hypertensive complications. Extreme z-scores by birthweight, namely z-scores <-4 or >4 in preterm births before 32 weeks of gestation, were regarded as probable errors of the determined gestational age. In a separate analysis we evaluated exclusion of these cases but this did not affect the results. These cases were included in the final model. We used SPSS, version 24 for Macintosh (IBM Corp, Armonk, NY, USA) and STATA/IC, version 15.0 for Mac (StataCorp., College Station, TX, USA), for the analyses.
Ethical approval
The study was approved by the institutional review board of the MBRN (reference number . The requested data set was considered to be anonymous and the use is therefore exempt from ethics review board approval according to Norwegian legislations.
Results
During the study period (1999-2014) 418 897 women had their first pregnancy delivered at ≥22 weeks of gestation and registered in the MBRN. The number of women diagnosed with HELLP syndrome was 1006 (0.24%). In a subset of 249 070 women with two or more deliveries, 577 (0.23%) had HELLP syndrome in the first and 193 (0.08%) had HELLP syndrome in the second pregnancy. In the two samples of women, ultrasonographic determination of gestational age was reported in 97% and 98% of pregnancies, respectively. The outline of the study and population characteristics are presented in Figure 1 and Tables 1 and 2 . The MBRN contains eight cases of HELLP syndrome among 355 women who had their first delivery at 20-21 weeks of gestation. No HELLP cases were registered before 20 weeks. When including these few women in our analyses the results were not altered.
Risk of HELLP syndrome in first and second pregnancy by various pre-existing medical conditions, lifestyle factors and circumstances related to the actual pregnancy are presented in Tables 3 and 4 , respectively. Univariate analysis of maternal age (categorical variable) showed a statistically significant increase in risk of HELLP syndrome by age category. Compared with the reference category (<25 years) RRs were: 25-29 years 1.4 (95% CI 1.2-1.7); 30-34 years 1.6 (95% CI 1.4-2.0); 35-39 years 1.5 (95% CI 1.2-1.9); ≥40 years 2.0 (95% CI 1.3-3.1) in the first pregnancy. This pattern was different in the second pregnancy: only the group ≥40 years had a significantly increased risk, RR 2.8 (95% CI 1.5-5.2). Maternal age is a confounder and so is adjusted for in the rest of the analyses. For year of childbirth, analyzed as a discrete numeric variable, RR for HELLP syndrome in the first pregnancy was 0.98 (95% CI 0.97-0.99), which was interpreted as a decrease in the occurrence of the diagnosis among primigravida in the MBRN during the study period. Adjustments were made for year of childbirth in the analyses of the first pregnancy. No similar trend was found for the second pregnancy, RR 0.97 (95% CI 0.94-1.01). In a sub-sample consisting of women with their first childbirth during the period 2012-2014 information on BMI is given in 64.2%. The adjusted RRs for HELLP syndrome by BMI ≥30 kg/m 2 and BMI ≥35 kg/m 2 were identical to those that apply to the whole material. BMI was also analyzed as a continuous numerical variable. The adjusted RR for HELLP syndrome by BMI was 1.04 (95% CI 1.02-1.07) in the first pregnancy. In the second pregnancy the adjusted RR was 1.01 (95% CI 0.96-1.06). The analysis of assisted reproduction showed that assisted reproduction does not imply increased risk of HELLP syndrome, neither with nor without adjustment for multiple pregnancy (unadjusted RRs are reported in Tables 3  and 4 ).
The RRs for HELLP syndrome in the second pregnancy by outcomes of first pregnancy are presented in Table 5 and Figure 2 . The overall recurrence rate for HELLP syndrome was 3.6% (21 women among 577) with an adjusted RR of 54.4 (95% CI 34.3-86.2). A sub-analysis showed that the risk of recurrent HELLP syndrome is inversely correlated with the gestational age at delivery in first pregnancy. The RR for recurrence of HELLP syndrome is 129.5 (95% CI 45.7-367.2) after a history of HELLP syndrome before 29 weeks of gestation. We found no cases of HELLP syndrome after eclampsia in the first pregnancy. Most women, 229 573 (92.2%) had neither hypertensive complication, preterm small-for-gestational- age nor stillbirth ("no complication") in their first pregnancy.
Discussion
This study shows that risk factors for HELLP syndrome in the first pregnancy are similar to, and of the same magnitude as, those previously described for preeclampsia (9) . In the second pregnancy the incidence of HELLP syndrome is one-third compared with the first despite the frequencies of the same factors (besides higher maternal age) are unchanged (chronic hypertension, diabetes, multiple pregnancy) or increased (obesity). An unexpected finding was that high BMI is a significant risk factor in the first, but not associated with HELLP syndrome in the second pregnancy. Women with a history of a hypertensive complication in the first pregnancy are at increased risk of HELLP syndrome in the second pregnancy. Preterm appearance of these complications further increases the risk. Especially high is the risk after HELLP syndrome, namely recurrence of HELLP syndrome. A majority of cases of HELLP syndrome in the second pregnancy arise among women without a history of a hypertensive complication in the first. On the other hand, their individual risk is very low. So, absence of those complications in the first pregnancy seems to be protective against HELLP syndrome in the second.
In a cross-sectional study Fitzpatrick et al. (7) analyzed all cases of HELLP syndrome in the UK during a year (between June 2011 and May 2012). Contrary to our findings, the authors did not identify maternal obesity, essential hypertension or diabetes as significant risk factors for HELLP syndrome. This is probably due to a high prevalence of these factors in the control group compared with the population-based data in our study (i.e. BMI ≥30 kg/m 2 : 22% vs. 11%; hypertension 4% vs. 0.5%; diabetes 1% vs. 0.5%). The remarkable differences may be explained by differences between the populations of the UK and Norway, alternatively the control group was not representative of the UK population. The authors noted limited statistical power to analyze risk factors. Furthermore, the incidence of HELLP syndrome was considerably lower than previously reported (10) . Our study showed a slight, significant, decrease among nulliparous women over the 16-year study period. The phenomenon was treated as a confounder in the analyses. The rate of recurrent HELLP syndrome has previously been found ranging from 2% to 27% (4, 5, (11) (12) (13) (14) . None of these studies are population-based and most are based on retrospective follow up linked to a referral center. Leeners et al. (15) evaluated obesity as a risk factor in a retrospective study of women with a history of hypertensive diseases in pregnancy, and later in a cohort study of women with HELLP syndrome in the first pregnancy (4). BMI ≥25 kg/m 2 and BMI ≥30 kg/m 2 were used as levels of potential risk. The authors concluded that obesity was not a risk factor for HELLP syndrome. Contrary to these previous studies our data show that obesity is a risk factor in the first but not in the second pregnancy. The effect is seen at BMI ≥30 and becomes more pronounced at higher BMI levels.
A long inter-pregnancy interval has previously been suggested as a risk factor for recurrent preeclampsia (16). Leeners et al. (4) reported that an interval ≤24 months implies increased risk of recurrent HELLP syndrome. We found no such association. Preeclampsia, placental abruption and intrauterine growth restriction constitute a group collectively termed placental vascular disorders due to suspected common pathogenesis, co-occurrence and overlapping risk factors, especially in preterm gestation. Any one of the conditions increases the risk for any of the others in a subsequent pregnancy (3). Our study indicates that preterm small-for-gestational-age (as a proxy for intrauterine growth restriction) and stillbirth are independent risk factors for HELLP syndrome in the second pregnancy. Strengths of the present study are the complete population coverage and the ability to link each woman to all her births. The limitation is that the results rely on completeness of data reported to the MBRN. For instance, data on BMI are missing in a substantial number of woman. However, a recent study by Sorbye et al. (17) argues that the variable is likely to be representative for the population even through years with scarce reporting. Validation studies show that variables and diagnoses with distinct criteria and registered in check boxes (such as HELLP syndrome) are typically associated with acceptable validity and time trends of improving accuracy (18, 19) .
Although there were similarities, we found that some risk factors for HELLP syndrome differ from first to second pregnancy (i.e. diabetes mellitus and obesity not being associated with HELLP syndrome in the second pregnancy). In the first pregnancy, HELLP syndrome shares risk factors with preeclampsia. HELLP syndrome in the second pregnancy is rare, but the relative risk is very high in women with a history of HELLP syndrome or preterm preeclampsia. We believe that this is of clinical interest, perhaps for post pregnancy counseling rather than for the monitoring of subsequent pregnancies. 
